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Feather mites (suborder Astigmata, superfamilies Analgoidea, 
Pterolichoidea and Freyaniidae) are among the commonest ec- 
tosymbionts of birds. Most researchers have assumed they are 
parasites, having negative effects on hosts. Here we present 
evidence that suggests that feather mites may not be parasites. 
We develop a framework for considering conditional outcomes in 
these interspecific associations, dealing with different kinds of 
relationships between symbionts. The  non-parasitic status  of 
feather mites is supported by a literature review as well as by 
preliminary  data on mites’ food. We illustrate symbiotic rela- 
tionships with a graphical model showing different scenarios in 
which hosts’ cost-benefit relations are determined by the interac- 
tions among their symbionts. 
 
 
 
 
Birds are hosts to numerous  symbionts,  some of which 
can be parasitic,  i.e decreasing the fitness of their hosts. 
Failure to detect costs of parasitism might be due to 
methodological problems or analytical limitations,  be- 
cause detrimental effects may be confounded or masked 
by other factors (e.g. Clayton et al. 1992), including 
infections by other parasitic  taxa (e.g. Merino  and Potti 
1995) and  changes  in  host  behaviour  to  minimise  the 
costs  of  being  parasitised   (Hart   1997).  Alternatively, 
some symbionts assumed to be parasitic might have 
negligible effects on hosts. This kind of symbionts could 
be considered as commensals, facultative parasites or 
facultative mutualists  rather  than true parasites depend- 
ing on  host  condition,  the  symbiont  under  study,  and 
the nature  of the usually  diverse community  of symbi- 
otic  organisms  (Bronstein  1994).  In  fact,  commensal- 
ism, where there are neither  costs nor benefits to hosts, 
and  mutualism,  where both  host  and  symbiont  benefit, 
are   common   in  nature   (Thompson  1994)  although 
among  birds  and  their  symbionts  next  to  nothing   is 
known  about  how common  they are. 
Recently,   Proctor   and  Owens  (2000)  reviewed  the 
role  that   mites  play  in  the  lives  of  birds.  The  best 
studied mites of birds are detrimental parasites  (Proctor 
and Owens 2000). Among  them, some astigmatid  mites 
(suborder  Astigmata, order  Acariformes)  seriously 
weaken  their  hosts  by  feeding  on  feather  pith,  tun- 
nelling  outwards   through   the  feather,  burrowing  into 
the skin and other  parts  of feather  follicles, and invad- 
ing the lungs, tracheae  and air sacs (Proctor  and Owens 
2000). However,  astigmatid  mites from  the super- 
families  Analgoidea,   Freyanoidea and  Pterolichoidea, 
also known as feather mites, have been viewed as 
commensals living on the surface of their hosts’ flight 
feathers and presumably  feeding on preen gland oil and 
material  trapped  in it (Peterson  1975, OConnor 1982, 
Gaud   and  Atyeo  1996).  Although   this  has  been  as- 
sumed rather  than demonstrated by diet studies, the 
assumption is based on strong  morphological evidence, 
i.e. on the nature  of the mites’ mouthparts that  makes 
mites  unable  to  bite  on  solid  material   and  constrain 
them to swallow liquids and small solid materials con- 
tained   therein   (Krantz   1971).  Alternatively,   feather 
mites  might  dissolve  food  (feathers  in  this  case)  and 
then  feed  on  it,  as  some  other   groups   of  mites  do 
(Proctor   and  Owens  2000),  although   this  possibility 
seems unlikely as feather  damage  attributable to  mites 
has, to our  knowledge,  never been demonstrated. 
Commensal and mutualistic associations between 
astigmatid  mites and  both  their invertebrate  and  verte- 
brate  hosts have been long known  (OConnor 1982, W. 
T.  Atyeo,   pers.  comm.).  However,   most   researchers 
who  have  studied  some  aspect  of  the  interaction   be- 
tween feather mites and birds have neglected the possi- 
bility  that   feather   mites  may  not  be  parasites   (e.g., 
Fowler  and  Williams 1985, Choe and  Kim 1987, 1991, 
   
McClure  1989a, Poulin 1991, Poiani 1992, Benhke et al. 
1995, Ro´ zsa 1997, Thompson  et al. 1997, Harper  1999). 
 
 
 
Applying the presumption of innocence to 
feather mites 
 
Feather  mites are among the commonest  ectosymbionts 
of birds and may exist in large numbers on their hosts 
(Gaud and Atyeo 1996). What might be invoked as a 
potential  detrimental effect of feather mites is that  they 
may cause irritation or stress that  may impair  the host 
immune system as is the case for other symbionts  (Esch 
et al. 1975). This seems plausible although  evidence 
suggests it is not  very likely. Removal  of feather  mites 
during preening may be minimal as suggested by the fact 
that hosts seem not to attempt,  or cannot,  remove mites 
despite the fact that  these show limited movements  and 
live on feathers where they are clearly vulnerable  to the 
host’s  bill (Choe  and  Kim  1987, Blanco  et  al.  1997). 
Mites’ location on the feathers may be regulated by 
competition  between species (Atyeo  and  Windingstand 
1979, Pe´rez and Atyeo 1984) rather than by predation by 
the host.  This is consistent  with the spatial  segregation 
among  mite species across  hosts’  microhabitats (Atyeo 
and Windingstand 1979, Choe and Kim 1991). Further, 
feather  mites  could  impose  costs  on  their  hosts  when 
they become very abundant as they may constitute  up to 
10% of the weight of a feather (Colloff et al. 1997), thus 
representing  an additional, potentially  costly burden. 
However, feather mites are mainly restricted to the flight 
feathers, which account for only a meager proportion of 
a bird’s weight. Feather  mites do not seem to impair host 
plumage quality as no signs of damage (holes, feather 
debris, structural alteration of feathers or irritation) are 
externally  visible  in  the  wing  and  tail  of  many  bird 
species carefully examined with this aim in Europe  and 
North  America (authors’ unpubl.  data). Further, almost 
all studies, in which the interaction  between feather mites 
and the body condition of their avian hosts has been 
addressed, have suggested a commensal, and possibly a 
mutualistic,  rather  than  a parasitic  relationship  (Blanco 
et al. 1997, 1999, Jovani  and  Blanco 2000, Blanco and 
Frı´as  2001, but  see Harper  1999). 
We have conducted  observations under a light micro- 
scope aimed at identifying the food consumed  by mites. 
Preliminary  results on the identified food  found  in the 
gut of two species of feather mite, Pterodectes rutilus 
(Proctophyllodidae, Pterodictinae) on Barn Swallows 
Hirundo rustica and Pteronyssoides nuntiaeueris (Aven- 
zoariidae,  Pteronyssinae)  on  Sand  Martins  Riparia  ri - 
paria indicate that  they feed mostly on algae, fungi and 
pollen  contained  in  feather  oil on  the  feathers.  Algae 
were present in large numbers (in 100% and 98% of 
Pterodectes  rutilus (n = 126) and  Pteronyssoides  nunti - 
aeueris  (n = 50), respectively). Fungi,  including  mycelia 
and spores, were found in 53% and 38% of P. rutilus and 
P. nuntiaeueris, respectively, while pollen was only 
recorded in 8% of P. rutilus. The presence on feathers of 
all these materials  was confirmed  by direct observation 
of  feathers  under  the  microscope.   These  preliminary 
data support the hypothesis that mites behave as com- 
mensal browsers, foraging on the microflora growing on 
feathers. Taking this information into account,  we won- 
der how these feather mites may stress their hosts up to 
the point  of impairing  their  immune  system and  nutri- 
tional condition, or interfere with the physiological 
mechanisms involved in the growth of feathers and the 
metabolism  and  deposition  of carotenoids, as assumed 
by Thompson  et al. (1997). 
 
 
 
Potential benefits provided by feather mites 
to the host 
 
By foraging on the feather surface, mites may be remov- 
ing feather oil and microorganisms contained  in it 
(OConnor 1982) at  low or  zero  cost  to  the  host  even 
when  mites  are  abundant as  a  consequence  of  other 
factors  (McClure  1989a, Brawner  1997). Daily produc- 
tion of oil is probably  not regulated by mite numbers but 
by the host’s hormonal levels (Jacob and Ziswiler 1982), 
implying that  the consumption of oil by mites may not 
represent a cost for oil production (but see below). 
Potential  beneficial effects of mites to  their  hosts  may 
then  arise from  their  control  of the numbers  of patho- 
genic  microorganisms  either   directly,   by  feeding  on 
fungal spores, algae and bacteria that degrade feathers 
(OConnor 1982), or  indirectly  by competing  for  com- 
mon  resources  (Jacob  and  Ziswiler  1982,  Price  et  al. 
1986). When hosts cannot  preen efficiently due to their 
weakened or compromised state of health (Clayton 1991, 
Brawner 1997), or due to beak anomalies, e.g. lesions 
produced   by  avian  pox  viruses  and  their  associated 
bacteria  located around  the base of the mandibles 
(McClure  1989b), old oil and  detritus  may accumulate 
on feathers.  In both  cases, feather  mites could increase 
in numbers  and improve the efficiency of feather preen- 
ing by removing the old oil where pathogenic microor- 
ganisms  may  proliferate   to  the  detriment   of  feather 
quality  (Huba´ lek 1994, Burtt  and  Ichida  1999). 
 
 
 
Conditional outcomes of bird-feather mite 
interactions 
 
Costs  and  benefits of particular host-symbiont interac- 
tions may vary greatly due to a number of ecological and 
life-history factors, thus causing conditional outcomes 
(Bronstein  1994). A graphical  model  of the abundance 
of feather  mites and their conditional outcomes  from a 
cost/benefit perspective illustrates this point (Fig. 1). We 
envision two different situations  that may determine the 
   
outcome   of  the  interaction   between  birds  and   their 
feather  mites. First,  from the evidence presented  above 
we assume that mites remove feather oil and the mi- 
croorganisms  contained  in the oil at little or no cost as 
long as the host  is able to preen  efficiently (P, Fig. 1). 
In this case, food resources provided by the host when 
distributing oil during preening for feather maintenance 
and  the abundance  of microorganisms regularly  found 
on  feathers  regulate  the  abundance   of  mites.  Feather 
mites thus live as commensals  without  any major  costs 
or benefits to their hosts. Nevertheless, some minor costs 
or benefits could also occur in this situation,  for instance 
the cost of carrying the weight of the mites during flight 
and the consumption of oil that could otherwise give 
flexibility and impermeability  to the feathers (Jacob and 
Ziswiler 1982). As argued  above,  these  potential  costs 
may be assumed  to be negligible in healthy  individuals 
and  normal  preening  conditions.   On  the  other  hand, 
benefits could also be found  in this situation,  e.g. those 
derived from the consumption by mites of old oil and the 
detritus and microorganisms that it contains.  Another 
possible benefit is the protection against pathogenic 
parasites  obtained   by  mites’  preemption of  resources 
(Price et al. 1986). These potential  benefits to hosts that 
are  able  to  preen  their  feathers  efficiently  are  more 
difficult to assess with the available information. In any 
case, the difference between benefits and costs (a, Fig. 1) 
would  always be low. 
 
 
 
Fig. 1.  Graphic  model  of feather  mite abundance  and  associ- 
ated costs and benefits to hosts. Two different situations may 
determine  the  outcome  of  the  interaction   between  birds  and 
their  feather   mites.  In  the  first,  feather   mites  live  without 
causing any major cost (C1) or benefit (B1) to their hosts when 
these  are  able  to  preen   their  plumage   efficiently  (P).  The 
difference  between  costs  and  benefits  (a)  could  nevertheless 
vary slightly as mite abundance  increases. In the second situa- 
tion, mite abundance  may increase when their host is unable to 
preen efficiently (P') due to an infection by a highly detrimen- 
tal  pathogen, a  deformed  beak,  or  both  (arrow).  The  abun- 
dance of feather mites and other,  potentially  pathogenic, 
symbionts (ps) increase with the amount of feeding resources 
accumulated on feathers. In this scenario, the costs of an 
increasing  mite abundance  remain  negligible (C2) but  benefits 
(B2) increase in the presence of a third  pathogenic  species with 
which  the  mites  compete  for  resources,  with  a net  benefit to 
the host (b) and a variable effect on the abundance  of the third 
species. 
In the second scenario (P', Fig. 1), when their host is 
unable   to  preen   efficiently  because  of  infections   by 
highly detrimental pathogens, a deformed beak, or both 
(Clayton  1991,  McClure  1989a,  Brawner  1997)  mites 
may  become  very abundant because,  in this  situation, 
old oil and detritus will accumulate  on the feathers. For 
instance, the abundance  of feather mites increased after 
hosts  were  experimentally   infected  with  coccidia,  but 
mites did not affect plumage colour (Brawner 1997). 
Preening does not necessarily imply removing mites 
because their size as well as morphological and be- 
havioural  adaptations for attachment to feathers may 
preclude this (Choe and Kim 1991) or because birds do 
not  attempt  to remove these mites (Blanco et al. 1997) 
but to remove oil and microorganisms. In this situation, 
increasing populations of feather mites may compete for 
resources with pathogenic  symbionts,  which may prolif- 
erate due to an excess of oil and detritus on the feathers, 
e.g. keratinophilic fungi and  bacteria.  Thus,  mites may 
increase strongly in abundance  at low or no cost to the 
host while indirectly controlling  the proliferation of 
opportunistic pathogens   which,  for  instance,  may  de- 
grade feathers at a high cost to the host (Huba´ lek 1994, 
Burtt and Ichida 1999). Mites may also directly affect the 
pathogens, i.e. bacteria,  algae  or  fungi  by  consuming 
them together with the feather oil. Therefore, also very 
abundant mite  populations may  offer  benefits  to  the 
hosts  at  low  or  no  cost.  In  this  case  they  may  be 
considered  facultative  mutualists. 
 
 
 
Ecological and evolutionary perspectives 
 
In conclusion,  we envision a complex of interactions 
related to different ecological and life-history factors and 
including   the  possibility  of  conditional  outcomes   in 
bird-feather mite interactions.  As Bronstein (1994) high- 
lighted for host-symbiont interactions,  outcomes  in this 
particular system  must  be  extremely  dynamic  because 
they  depend  on  many  factors  and  different  symbionts 
acting simultaneously at different intensities on the same 
host. 
We  suggest  that   the  relationships  between  feather 
mites and other symbionts living on the feathers of their 
avian hosts may be an ideal model to investigate exper- 
imentally conditional outcomes of mutualistic interac- 
tions.   Research   for   a   better   understanding  of   the 
diversity of potential  interactions  of feather  mites with 
their hosts should include identifying the environmental, 
individual  and population conditions  affecting host and 
symbiont  and, in addition,  the presence and abundance 
of other interacting  species. The hormonal regulation  of 
uropygial   secretions   could  be  assessed  through   hor- 
monal implants (Saino et al. 1995), and other host traits, 
such  as  preening  ability,  could  be  manipulated  (e.g. 
Clayton  1991). The presumed close balance between the 
small  costs  and  benefits  imposed  by  feather  mites  in 
   
normal conditions  (a, Fig. 1) may be determined by 
experimentally adding and removing mites. Finally, the 
experimental inclusion or control of a third pathogenic 
symbiont  (e.g. coccidia, avian pox, detrimental ectopar- 
asites) would allow to ascertain changes in preening 
efficiency and  other  self-maintenance  activities,  as well 
as the  existence of direct  and  indirect  competition  be- 
tween ectosymbionts, and thus the actual  nature  of the 
derived  conditional outcomes. 
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